Hepcidin, which is synthesized and secreted by the liver, is considered the master regulator of iron homeostasis. Hepcidin regulates the amount of iron absorbed from the intestines and the iron release from the reticuloendothelial system by degrading ferroportin, the iron transporter located at the duodenal enterocytes and macrophages. Circulating levels of hepcidin are known to be controlled by available iron stores, inflammation, hypoxia, insulin levels, and erythropoiesis.

Recently, hepcidin antagonists have been introduced as potential treatment to improve iron‐restrictive anemia. By improving iron availability and subsequently hemoglobin levels, hepcidin antagonists might be able to improve quality of life and outcome in different patient settings. Therefore, all factors that affect serum hepcidin levels are clinically relevant specifically in populations where in the future the use of hepcidin antagonists may be considered. It has already been established that both testosterone[1](#ajh24785-bib-0001){ref-type="ref"} and estrogens[2](#ajh24785-bib-0002){ref-type="ref"} are associated with suppression of serum hepcidin in men. On the other hand progesterone, the anabolic steroid epitiostanol, as well as the progesterone antagonist, mifepristone, are able to induce hepcidin biosynthesis in a zebrafish model.[3](#ajh24785-bib-0003){ref-type="ref"}

Synthetic glucocorticoids, like prednisone, and its active metabolite prednisolone are often used in immunosuppressive regiments for renal transplant recipients (RTRs). To date, possible effects of these synthetic glucocorticoids on serum hepcidin levels in humans are unknown. Here, we report on the association of serum hepcidin with 24‐h urinary prednisolone excretion, as a measure of 24‐h prednisolone exposure.

For this study, 606 stable RTRs with a functioning graft beyond the first year after transplantation were included.[4](#ajh24785-bib-0004){ref-type="ref"} All RTRs gave written informed consent for the study and approval by institutional review board was obtained (METc 2001/039). For the current analyses, we excluded patients with missing data on serum hepcidin (*n* = 45) and urinary prednisolone excretion (*n* = 10), resulting in 551 RTRs eligible for analyses. Serum hepcidin‐25 was assessed by dual‐monoclonal sandwich ELISA immunoassay. Urinary prednisolone measurements were carried out with validated high‐performance liquid chromatography assay with diode‐array detection after extraction with diethylether. Renal function was assessed by estimating glomerular filtration rate (eGFR) applying the Chronic Kidney Disease Epidemiology Collaboration (CKD‐EPI) equation.

IBM SPSS Statistics 23 was used for statistical analyses. For baseline characteristics, one‐way ANOVA, Kruskal‐Wallis test, and Chi square test were applied, as appropriate. Furthermore, univariate linear regression analysis was performed to assess the determinants of serum hepcidin, followed by multivariable linear regression analysis with stepwise backward procedure. *P* values for inclusion and exclusion were set at 0.20 and 0.10, respectively. Variables with a skewed distribution were natural log transformed for analyses. Separate linear regression analysis was performed to assess the association between serum hepcidin and hemoglobin level in RTRs after adjustment for age, sex, and eGFR.

Mean age of the 551 RTRs was 51 ± 12 years with 55% being men. Patients were included at median 6.0 (interquartile range \[IQR\], 2.6--11.6) years after transplantation. All RTRs used prednisolone orally ranging from 5 to 10 mg once daily. Median 24‐h urinary prednisolone excretion was 758 (371--1278) pmol/24 h. The association of the individual daily prednisolone dosis with 24‐h urinary prednisolone excretion was β = 0.23, *P *\< .001. Across tertiles of 24‐h urinary prednisolone excretion, RTRs within the highest tertile of prednisolone were younger, less frequently men, had lower systolic blood pressure and higher estimated glomerular filtration rate (eGFR) compared to those within the other two tertiles. Furthermore, higher hemoglobin, lower hepcidin, and lower ferritin levels were noted in RTRs in the highest tertile of prednisolone excretion compared to RTRs in the other two tertiles (Table [1](#ajh24785-tbl-0001){ref-type="table-wrap"}).

###### 

Baseline characteristics of 551 renal transplant recipients according to tertiles of 24‐h urinary prednisolone excretion

  Variables                          All patients          Tertiles of urinary prednisolone excretion (pmol/24 h)                                           
  ---------------------------------- --------------------- -------------------------------------------------------- ------------------- ------------------- --------
  Urinary prednisolone (pmol/24 h)   758 (371--1278)       256 (125--371)                                           755 (619--904)      1595 (1273--2325)   \<.001
  General characteristics                                                                                                                                   
  Age (years)                        51 ± 12               53 ± 12                                                  53 ± 12             49 ± 12             .003
  Male sex (*n* %)                   298 (54)              109 (60)                                                 107 (58)            82 (45)             .006
  eGFR (mL/min/1.73 m^2^)            47 ± 16               41 ± 16                                                  46 ± 15             54 ± 13             \<.001
  Laboratory parameters                                                                                                                                     
  Hepcidin (ng/mL)                   7.2 (3.3--13.5)       8.6 (4.3--14.3)                                          7.0 (2.8--14.3)     5.8 (2.8--11.4)     .003
  Hemoglobin (g/dL)                  13.8 ± 1.6            13.6 ± 1.6                                               13.8 ± 1.6          14.2 ± 1.4          \<.001
  Ferritin (g/L)                     156.0 (80.0--283.0)   189 (102--316)                                           163 (77--288)       122 (68--233)       .001
  EPO (IU/L)                         17.4 (12.0--24.3)     17.7 (11.8--25.4)                                        17.9 (13.0--24.3)   16.6 (11.4--22.9)   .28
  hs‐CRP (mg/L)                      2.0 (0.8--4.8)        2.1 (1.0--5.1)                                           2.7 (0.9--4.8)      1.7 (0.7--3.6)      .06
  Insulin (µU/mL)                    11.1 (7.9--16.3)      11.4 (7.8--17.5)                                         11.2 (8.3--15.1)    10.8 (7.8--15.8)    .53

eGFR, estimated glomerular filtration rate; EPO, erythropoietin; hs‐CRP, high sensitivity C‐reactive protein.

In univariate regression analysis, serum hepcidin was found to be negatively associated with 24‐h urinary prednisolone excretion (β = −0.15, *P *\<* *.001). After adjustment for high‐sensitivity C‐reactive protein (hs‐CRP), hepcidin remained associated with prednisolone (β = −0.13, *P *=* *.002). Further adjustment for eGFR did not materially alter this association (β = −0.12, *P *=* *.006). When including prednisolone in a backward multivariate model with age, sex, eGFR, hs‐CRP, ferritin, hemoglobin, erythropoietin, and insulin, prednisolone remained an independent determinant of hepcidin (β = −0.10, *P *= .001), besides expected relationships of hepcidin with ferritin, hs‐CRP, erythropoietin and insulin. In addition, serum hepcidin was found to be a determinant of hemoglobin levels (β = −0.08, *P *=* *.03) independently of age, sex, and eGFR.

In this study, we show that 24‐h urinary prednisolone excretion is negatively associated with serum hepcidin in RTRs irrespective of potential confounders, including eGFR. All RTRs in our cohort used a low dose prednisolone (5--10 mg/day). Remarkably, this resulted in a broad range of 24‐h urinary prednisolone excretion and a modest association with the daily prednisolone dose, in keeping with considerable inter‐subject pharmacokinetic variability.[5](#ajh24785-bib-0005){ref-type="ref"} Twenty‐4 h urinary prednisolone excretion is considered to reflect the overall exposure to prednisolone. Previously, it has been shown that prednisolone dose‐dependently inhibits the release of interleukin‐6 (IL‐6)[6](#ajh24785-bib-0006){ref-type="ref"} which is known to induce hepcidin expression. We had no data available on IL‐6 levels to assess whether effects on IL‐6 is the mechanism behind the association of prednisolone with hepcidin. The possible role of prednisolone as a direct hepcidin antagonist and possible mechanisms linking prednisolone with hepcidin need to be delineated in more detail in future studies.

The major strength of this report is the large cohort of RTRs with availability of concurrent 24‐h urinary prednisolone excretion and hepcidin data. Limitations are that it comprises a single center study, and that we cannot exclude the possibility of residual confounding.

In conclusion, lower serum hepcidin levels are related to higher 24‐h urinary prednisolone excretion in RTRs independent of clinically relevant covariates. Our findings extend earlier data concerning effects of other (synthetic) steroids on hepcidin regulation, and provide a rationale to more precisely delineate direct or indirect effects of glucocorticoids on hepcidin regulation. From a clinical perspective, our findings lend support to the possibility that prednisolone may be regarded as a hitherto unappreciated hepcidin antagonist.
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